The aerodynamic forces on a flexible plate embedded in a rigid half-space, undergoing arbitrary temporal and spatial motion are determined.
GENERALIZED AERODYNAMIC FORCES ON
Abstract.
The aerodynamic forces on a flexible plate embedded in a rigid half-space, undergoing arbitrary temporal and spatial motion are determined.
I. Introduction. There are two rather closely related problems involving the motion of a flexible plate in a fluid flow which are of current engineering interest. These are the stability of the fluid-plate system (plate or panel flutter) and the response of the system to "external" forces, e.g., response to pressure fluctuations in a turbulent boundary layer. In either case the determination of the aerodynamic forces due to the plate motion are of interest (though for the latter problem current practice would appear to be to ignore these forces. This seems to be done in order to simplify the calculation rather than on the basis of any assurance that such a neglect is justified). Heretofore only the special case of sinusoidal or simple harmonic motion has been treated [1] . In the present work the more general case of arbitrary time (as well as spatial) dependence of the plate motion is considered. We consider a flexible, rectangular plate embedded in a rigid halfspace (see Fig. 1 (The square root of n is to be chosen such that the condition of finiteness or radiation is satisfied at infinity. We will not need to do this explicitly.) Using well-known inversion formulae [2] we may invert into the time domain.
<j>*(7, a, z = 0, t)
Jo Formally the inversion may now be made into the spatial domain. However, instead we proceed with the calculation of the Fourier Transform of the fluid forces. The fluid pressure is related to the velocity potential by the Bernoulli formula,
From equations (5) and (6) one may compute the Fourier Transform of the pressure as
From this we see the well-known result that at t = 0+, the pressure is that given by "piston theory." Again a formal inversion into the spatial domain may be made, if desired. III. Discussion. Perhaps a brief word is in order with regard to the motivation for the manner in which the several integrations were carried out. The object, of course, is to minimize the amount of numerical work required. With the approach used it is only necessary to evaluate numerically the double integrals of Hm"eq and With any other order of inversion and/or integration at least two additional numerical integrations will be required which would make the determination of quantitative results impractical with presently available computational facilities.
Here we also quote an important special case of the general result, Eq. (10). For simple harmonic motion, i.e., Other methods [1] are available which determine QmnpQ ; however, they are far more time consuming than the numerical evaluation of the double integral of Eq. (11). Also note that the present method is applicable to both subsonic and supersonic flow. On the other hand, these methods will treat the more difficult mixed-boundary value problem (for simple harmonic motion), i.e., d<j>/dz known on platej p continuous off plateJ on z = 0 Finally we mention that for the related problem of arbitrary motion of a cylindrical shell (simple harmonic motion has been treated in References 3 and 4) the simplest procedure is to invert from the time domain numerically via a Fourier Transform. As demonstrated in the cited references [3, 4] the inversion to the spatial domain for the cylinder is relatively easy (easier than for the plate!), particularly for supersonic flow. (This is a result of being able to synthesize a solution for the cylinder by a Fourier series in the circumferential direction.) Thus a numerical inversion from the time domain for the cylindrical shell problem is a feasible and relatively economical calculation. From the behavior of Qim and Q12ii qualitative conclusions may be drawn about the stability of the system. However, such a discussion will be omitted here.
The present method has also been used to independently calculate simple harmonic motion forces for a plate and also the admittance functions for a two-dimensional, supersonic airfoil* for which the present method is applicable. These results (not shown) 
